We study the mixing problem of the determinant like operators in ABJM theory to two loop order in the scalar sector. The gravity duals of these operators are open strings attached to the maximal giant graviton, which is a D4-brane wrapping a CP 2 inside CP 3 in our case. The anomalous dimension matrix of these operators can be regarded as an open spin chain Hamiltonian. We provide strong evidence of its integrability based on coordinate Bethe ansatz method and boundary YangBaxter equation.
Introduction
In recent years, a lot of progresses have been made in applying techniques of integrability to planar AdS 5 /CFT 4 correspondence between IIB superstring theory on AdS 5 × S 5 and four dimensional N = 4 super Yang-Mills (SYM) theory, see [1] for a collection of reviews. Among all these notable progresses, spin chains or strings with periodic boundary condition are mostly studied and understood very well. People are also interested in non-periodic cases, including twisted boundary conditions, see for example [2, 3] and open boundary conditions [4] [5] [6] [7] [8] . See [9, 10] as reviews for these interesting topics.
In 2008, another example of AdS/CFT was proposed in [11] , where the authors gave very strong evidence that type IIA string theory on AdS 4 × CP 3 background is dual to N = 6 superconformal Chern-Simons matter theory (also known as Aharony-Bergman-Jafferis-Maldacena(ABJM) theory) in three dimensional spacetime with gauge group U (N ) × U (N ) and Chern-Simons levels (k, −k). The 't Hooft coupling of ABJM theory turns out to be λ = N/k. People usually call this dual as AdS 4 /CFT 3 correspondence or ABJM/AdS 4 × CP 3 correspondence. Integrable structure in this setup was also extensively studied [12] .
Along similar path, many studies on non-periodic integrable cases re-emerged in the context of ABJM theory [13] [14] [15] [16] [17] . However, there are still some potential integrable setups have not been investigated in the AdS 4 /CFT 3 case, such as integrable Wilson loops [18] [19] [20] and integrability from giant gravitons [8, 21] found in the N = 4 SYM theory. In the SYM context, determinant like operators are dual to open strings attached to D-branes wrapping cycles in S 5 . In the gravity side, such D-branes wrapping some cycles and carrying some angular momentum are usually called giant gravitons. In the context of N = 4 SYM, integrablity of open chain from giant gravitons have been studied extensively [8, [21] [22] [23] [24] [25] . However such integrable structure from the giant gravitons in the AdS 4 /CFT 3 [26] [27] [28] case has not been explored as far as we know, though the the plane wave limit in both sides are studied in [29] . In this paper, we would like to take a first step to fill these gaps. We study the anomalous dimension matrix of the determinant like scalar operators in ABJM theory up to two-loop order in the scalar sector. The anomalous dimension matrix can be viewed as the Hamiltonian of an open spin chain. Using the coordinate Bethe ansatz method, we calculate the reflection matrix for fundamental excitations of this open chain. Based on the known bulk two body S-matrix, it is not hard to verify that the boundary Yang-Baxter equations (reflection equations) are satisfied, hinting that this open spin chain is integrable.
The outline of this paper is as follows. In section 2, we introduce the determinant like scalar operators in ABJM theory. To study the mixing problem, we calculate their two point functions to two-loop order, giving the Hamiltonian of an open spin chain. In section 3, we compute the reflection matrix of this open spin chain through the coordinate Bethe ansatz method. Borrowing the two body S-matrix in the bulk from the previous result in [30] , we confirm that the boundary Yang-Baxter equations (reflection equations) are satisfied. In the last section, we conclude and briefly discuss some possible problems for further studies.
2 Open spin chain in ABJM theory
Determinant like operators in ABJM theory
We begin with a very brief review of determinant like operators in ABJM theory. In ABJM theory, the scalar fields (A 1 , A 2 , B Using the conventions of [31] , the action of ABJM theory can be written as
In this paper we focus on the determinant like operators
It was suggested in [29] that the dual descriptions of these operators are open strings attached to the giant graviton D4-brane wrapping a CP 2 inside CP 3 . The operator with W = A 1 B 1 is dual to the D4-brane itself.
As discussed in [8] , open spin chain corresponding to determinant like operators in N = 4 SYM has nontrivial boundary conditions. One may expect that there are similar boundary conditions in the case of open spin chain in ABJM theory. To show this, we compute the tree level two-point function. The operator O W and its conjugateŌ W can be rewrite as
Here we use the shorthand notations
In the 't Hooft limit of large N with a fixed ratio λ = N/k, we need to distinguish two cases.
(2.8)
Here we have omitted the spacetime dependence explicitly because they can be easily put back at the end of the calculation. When
= B the operator factorizes [32, 33] , so the combinatorics of contractions is different. For instance, when W = AV we have
and then
A similar analysis applies to the case when Y † J L = B. Therefore the mixing between factorizing operators and non-factorizing operators is suppressed in the large N limit. 1 In this paper we only consider operators with
Two-loop open spin-chain Hamiltonian
We now derive the two-loop anomalous dimension matrix for determinant like operators in the 't Hooft limit. We need to consider the mixing of two operators
where
Keeping one A and one B uncontracted with the correspondingĀ andB, we get One can check that in the large N limit the first, second and third terms in the second line give bulk, right and left boundary contributions respectively, and the contributions from other terms are suppressed. For example, one part of the leading contribution from the second term corresponds to the contraction
Note that the contraction between A andĀ gives a factor N 2 (N − 1) −1 , here the factor (N − 1) −1 is from avoiding repeatedly counting of contractions. The Hamiltonian of the bulk part the open chain is the same as that of the closed spin chain which was derived in [34, 35] . We need to consider the boundary contributions. We first focus on the left boundary corresponding to the term
Contributions from wave function renormalization (self-interactions) are proportional to δ =Ā, contributions from gluon exchange and fermion exchange are also flavor blind. We only need to consider contribution from sextet scalar potential V B . Then we get
Here the normalization is fixed by comparing with bulk Hamiltonian from sextet scalar potential. The constant C comes from the contributions from gluon exchange, fermion exchange and self-interactions. An analogous discussion applies to the right boundary. We will show in Appendix A that the anomalous dimension of the operator with W = (A 2 B 2 ) L is zero in the large N limit, which allows us to determine the sum of the constant C and a similar constant from the right boundary. At the end the total Hamiltonian is given by
where the trace operator K and permutation operator P are defined as (K ij ) 18) and the Q operators are defined as [8]
Half of the
) term in (2.17) comes from the third (second) term in (2.13), and another half comes from the first term in (2.13).
Integrability from coordinate Bethe ansatz
In this section we discuss the integrability of the above open spin chain in the framework of coordinate Bethe ansatz. The reflection equations are necessary conditions for the integrability of the open spin chain Hamiltonian. We want to know whether the boundary reflection matrices satisfy the reflection equations or not.
The vacuum of this open chain is chosen to be
The one-particle excitations include
We denote the open chain as (1)(2) · · · (x) · · · (L) with every site (x) containing two fields. Then the above excitations can be simply denoted as
is the left boundary excitation state and |L A † 1 is the right boundary excitation state while all others are bulk one-particle excitation state.
Let us begin with
On the states |x B † 1
, the Hamiltonian acts as follows
when 2 ≤ x ≤ L − 1, and
), (3.12)
So we get
Then equation 15) leads to the following dispersion relation
and
Since the reflections of B † 1 excitation at both sides are diagonal, we define the left reflection coefficient to be 19) and the right reflection coefficient to be 2
2 We have taken into account that for every excitation, there are L − 1 bulk sites.
They are determined by eqs. (3.17) and (3.18), respectively. The results are
For the other three excitations, the computations are similar. So we only list the action of the Hamiltonian, obtained boundary conditions and reflection coefficients. For |x A 1 , 2 ≤ x ≤ L we have
24)
which leads to
this leads to
), (3.34)
). (3.35) This gives 36) and
With the order of the excitations as 38) and the right reflection matrix is
The two reflection matrices are diagonal in the chosen natural basis. This is quite different from the results in [17] , where the reflection matrices are anti-diagonal in the same basis 3 . Also notice that each excitation always has Dirichlet boundary condition on one end of the open chain, and Neumann boundary condition on the other end. This is different from the SYM case [8, 33] where the boundary conditions are always left-right symmetric. The S-matrix in ABJM theory can be found in [30] . It satisfies the Yang-Baxter equation
(3.40)
Now we are ready to check the reflection equations. It can be straightforward to verify that reflection equations are satisfied 
Conclusions and discussions
We have obtained the two-loop Hamiltonian of the open spin chain corresponding to the determinant like operators in ABJM theory which are dual to open strings attached to D4-branes wrapping cycles in CP 3 . The Hamiltonian is different from the periodic spin chain only in the boundary terms. Using the coordinate Bethe ansatz, we present strong evidence that the Hamiltonian may be integrable. In other words, the giant graviton may provide integrable boundary conditions for the open string. It is possible to go beyond the two loop order to an all loop prediction which is similar to previous studies in the SYM context [21, 23] using symmetries as the guide, and could even further to solve the full open string spectrum through boundary thermodynamical Bethe ansatz and/or Y-system which have already been done in the SYM case [24, 25] . To have a more solid ground for integrability of our two loop Hamiltonian, it would be better to have an algebraic Bethe ansatz construction [37] as people have done in the SYM theory [38] .
A
Vacuum of the open chain 3 A non-supersymmetric flavored ABJM theory was constructed in [36] , where the corresponding reflection matrices are diagonal.
is suppressed in the large N limit with λ = N/k fixed. As discussed in [39] , at two-loop order the contribution from bosonic D-terms, gluon exchange, fermion exchange from fermionic D-terms and self-interactions cancel for operators in the SU (2) × SU (2) sector, and the fermionic F-terms do not contribute to the anomalous dimension. We only need to consider the contributions from bosonic F-terms [31] 
Using (2.13) one can check that the anomalous dimension of O 0 is subleading in 1/N .
